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S1. Molecular structures and *H NMR spectra of the ligands.

All the *H NMR spectra were collected using dimethyl sulfoxide-d6 as solvent. The peaks at
2.50 ppm and ~3.3 ppm are the residue DMSO and water peaks, respectively.
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Figure S1. Structural plot and *H NMR spectrum of Ly I.
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Figure S2. Structural plot and *H NMR spectrum of Lz I.
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Figure S3. Structural plot and *H NMR spectrum of Ls I.
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Figure S4. Structural plot and *H NMR spectrum of L4 I.
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S2. Structural plots and PXRD patterns of compounds 1-5.

Figure S5. Structure plots of compounds (a) 1, (b) 2, (¢) 3, (d) 4 and (e) 5. All H atoms are
omitted for clarity.
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Figure S6. Experimental and simulated PXRD patterns for all five compounds.



S3. Photophysical properties of compounds 1-5.
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Figure S7. PL and PLE spectra of compounds (a) 1, (b) 2, (c) 3, (d) 4 and (e) 5.
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Figure S8. Excitation-dependent PL spectra of (a) compound 1 and (b) compound 2.
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Figure S9. 1QY measurement details of compound 4 recorded in the integrating sphere at Aex =
360 nm.
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Figure S10. 1QY measurement details of compound 5 recorded in the integrating sphere at Aex =

360 nm.
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Figure S11. PXRD patterns (left) and PL spectra of (a) compound 1 and (b) compound 2 after
heating to 200 °C.

Table S1. Lifetime values of compound 1 at various temperatures.

Temp (K) Al 71 (us) A2 2(us) | raviint (us) Ta\(/;/g;np
235.9 626.9
78 (27.34%) 3.865 (72.66%) 14.549 13.578 11.628
538.1 544.1
150 (49.72%) 3147 (50.28%) | 1701 9.788 7.746
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1220.0 601.6
200 (66.97%) 2.0820 (33.03%) 7.044 5.1844 3.7207
1618.7 488.3
250 (76.83%) 1.0336 (23.17%) 3.839 2.5157 1.6836
2102 440.8
300 (82.66%) 0.4867 (17.349%) 1.7449 1.0267 0.7048
(a) (b) 20

Norm. Inten. (a. u.)

13 R

M'#I“h“hl":‘- I'l Ly gt !

Lifetime (us)

=
w
1

=
o
1

AE(S,-T,) = 70 meV

o(Ty) =178 ps

R?=0.9945

50

100 150

200 250

Temperature (K)

300

Figure S12. (a) Temperature dependent luminescence decay curves of compound 2. (b) The

observed decay times of compound 2 and the fitting curve according to eq. 1.

Table S2. Lifetime values of compound 2 at various temperatures.

Temp (K) Al 71 (ps) A2 T2 (ps) Ta(nlsi)nt ta\(l‘{lg;np
78 (111.1265/0) 5.16 (8%?5534?(;/() ) 19.392 18.919 17.761
150 (53395’3@‘/0 | 8.140 ( 451?{‘37-&) 14.883 11.925 10.916
200 (5}5,‘_3%;)2) 3.442 ( 415;11;()) 8.364 6.791 5.741
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Figure S13. (a) Temperature dependent luminescence decay curves of compound 4. (b) The

observed decay times of compound 4.

Table S3. Lifetime values of compound 4 at various temperatures.

Temp (K) Al 71 (us) A2 72 (US) Tj:/;:t Ta\(/‘/l asgnp
78 (1§3-§‘% ) 8.60 (592%;‘(% ) 34,700 33.96 31.97
150 (1?%-?% ) 8.77 (gégg% ) 33.374 32.44 30.16
200 (153-%%) 6.94 (g‘%gé’%) 26.238 25.54 23.83
250 (8?’5‘7-53/0) 3.54 (g’f%-gﬁtyl) 19.152 18.87 17.75
300 (9%%@ 3.19 (9%?53% 13.015 12.77 12.09
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Figure S14. (a) Temperature dependent luminescence decay curves of compound 5. (b) The

—T8K

observed decay times of compound 5.
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Table S4. Lifetime values of compound 5 at various temperatures.

Temp (K) Al 71 (KS) tav/int (us) | rav/amp (us)
78 865.5 14.029 14.029 14.029
150 880.8 10.575 10.575 10.575
200 1799.5 7.4369 7.4369 7.4369
250 2390.4 5.3924 5.3924 5.3924
300 2837.5 4.0598 4.0598 4.0598

15



S4. DFT calculations.
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Figure S15. Zoom in of the conduction band region of compound 1.
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Figure S16. (a) Calculated TDOS and PDOS of compound 2. (b) Zoom in of the conduction

band region of compound 2.

(b) 4
s —L,sum u'-bta
g 60 —— Imidazolium
5
540
Q
o
220
3
o 0

0.5 1.0 15
Energy (eV)

2.0

2.5

16



(a) (b)
60 - L, sum
L2 sum %40 —Inz'lidazolium
— — - —_—
> 30 4 N 2p B bta
: o /\/\\ ;
) 1 =
< o 20
o 04— /\ S T
E T L L 8
@ 60 -+ 2- =]
< Cuglg“ sum 0
9 30 - I 5p 0.5 1.0 1.5 2.0 2.5 3.0 35
5}
""5' Cu 3d Energy (eV)
» (c) o
S 0- — T 50 4
o 60 T T T % —— DMF
= - 2 40
b Total g
c £ 304
) i
8 30 ﬁzo-
8 10
0 8 I\
T T T T T T r 0 e,
- 0 1 2 3 -4 2 0 2 4
Energy (eV) Energy (eV)

Figure S17. (a) Calculated TDOS and PDOS of compound 3. (b) Zoom in of the conduction

band region of compound 3. (¢) Contributions from solvated DMF molecules.
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Figure S18. (a) Calculated TDOS and PDOS of compound 4.



150
—— L, sum
E 75 4 E;p
2 p
© 0
D 150 - y T y T
(D)
o) — Cul sum
@ 75- I 5p
o Cu 3d
S 0- —
© 150 T T
2>
‘m
S 75
&)
O-
] v ]

-1 . 0 1
Energy (eV)
Figure S19. (a) Calculated TDOS and PDOS of compound 5.
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